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and from 25.65±8.12 to 13.45 ± 4.48 (p<0.05) respectively. The total lesion count (TLC) was significantly decreased from 37.16 ± 9.28 to 19.63 ± 6.36 (for group A; p<0.071) and 32.60 ± 9.32 to 18.33 ± 5.55 (for group B; p<0.05) respectively. After treatment with SP-NLC for 8 weeks, the water content of the skin significantly (p<0.05) increased from 37.44 ± 8.85 to 45.69 ± 19.34 instrumental units.
Therefore, the SP-NLC gel may help in controlling acne vulgaris with skin care benefits.
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Introduction
Acne vulgaris is a disease of the pilosebaceous glands that usually occurs in adolescence following a sharp increase in androgen [1] . Spironolactone (SP) is classified as a BCS class II drug (high permeability and poor solubility). The BCS is a tool which is used to differentiate the drugs on the basis of their solubility and permeability as follows: Class I covers drugs with high permeability and solubility; Class II covers drugs with high permeability but poor solubility; Class III drugs have low permeability but high solubility and Class IV drugs have low permeability and solubility. As an anti-androgen drug, it has proved effective in reducing the sebum secretion rate in various clinical reports [2, 3] .
However, following oral administration, SP is poorly absorbed from the gastrointestinal (GI) tract and observed endocrine side effects restricted its clinical application due to its variable oral bioavailability [4] . It has been shown that the topical delivery of SP can allow high drug levels at the site of action which in turn can lessen the systemic side effects and also improve patient compliance [5, 6] . Nanostructured lipid carriers (NLCs) represent a relatively new type of colloidal drug delivery system that consists of solid-lipid and liquid-lipid, and offers the advantage of improved drug loading capacity and release properties. These nanoparticles contain non-irritative and non-toxic lipids and as such well suited for use on inflamed and damaged skin [7] . The small particle size of these nanoparticles ensures close contact with the stratum corneum and also increases the amount of encapsulated compounds penetrating into the skin due to the formation of an intact film on the skin surface upon drying. This lipid nanocarrier have been used to improve the skin/dermal uptake of several drugs such as cyproterone acetate [8] , tretinoin [9] , isotretinoin [10] and adapalene [8] which supports the notion that these nanocarriers can be employed for the topical delivery of SP. Clinical studies with alcoholic topical formulation of SP have been previously reported and the results demonstrate beneficial effects in patients with acne without any systemic hormonal changes [3, 12, 13] . Shamma and Aburahma used spironolactone loaded NLC for follicular targeting of drug molecules for the management of alopecia and they successfully showed the presence of SP in the scalp hair follicles and decreasing androgen production within sebaceous glands and blocking the androgen receptor in dermal papillae [14] . The efficacy of SP gel 5% in the treatment of facial acne also showed that total lesion count and acne severity index reduced significantly however, efficacy on non-inflammatory lesion (comedones) was more effective than on inflammatory ones (papules and pustules) because of poor ability of SP penetration to specific micro environmental conditions in the inflammatory acne lesions [13] . The aim of this current research was to develop novel NLC formulations in gel containing SP with a suitable rheology (spreadability), pH and better efficacy and tolerability (SP-NLC; 1%) versus alcoholic SP gel (SP-ALC; 5%) in the treatment of facial mild to moderate acne vulgaris. 
Material and Methods
Materials
Preparation of the formulations
SP loaded NLC was prepared using the probe-ultrasonication method as described elsewhere [17] . Briefly, solid lipid (stearic acid 2. 
Characterization of the gels
In order to determine the shape of SP-NLC, the transmission electron microscopy (TEM, CM 30, Phillips, Netherlands) was utilized. Briefly, the SLN samples were first diluted two times with distilled water. One drop of the diluted sample was placed on a 200-mesh carbon-coated copper grid, stained with 2 % phosphotungstic acid solution and dried at room temperature. Representative images of each sample were reported.
Photon correlation spectroscopy (PCS) with a Malvern zetasizer ZS (Malvern Instruments, UK) was used to determine the particle size, profile the size distribution (polydispersity index, PI) and zeta potential of the nanoparticles.
Briefly, the Zeta potential and the poly dispersity index (PDI) of the nanoparticle formulations were determined using the Zetasizer (Nano ZA, Malvern Instruments, UK). In this method the sample was measured at 25 °C with an angle detection of 90°.
The concentration of the samples for analysis on the Zeta Sizer was 20-400 kilo counts per second (KCPS) and the intensity of diffraction was 100000 counts per second.
For spreadability 500 mg of the formulated gel was placed within a circle of 1 cm diameter pre-marked on a flat glass plate over which a second glass plate was placed. A weight of 500 g was allowed to rest on the upper glass plate for 5 min.
The increase in the diameter due to spreading of the formulated gel was noted.
Finally, 1 g of the formulated gel was dissolved in 100 mL of distilled water and stored for 2 h. The pH of aqueous dispersion of the formulated gel was determined using Jenway Digital pH meter Model 3510, standardized using pH 4.0 and 7.0 standard buffers before use. The rheology of the SP-NLC and SP-ALC gels was obtained with a Brookfield Viscometer (Model DV-II+, Brookfield Engineering Laboratories, Inc., USA) using spindle TD. Viscosity was measured by increasing the shear rate from 0.5 rpm to 100 rpm at 25 ± 1 ˚C.
Cytotoxicity assays:
Cell lines and culture Human Caucasian foetal foreskin fibroblast (HFFF2) was cultured at 37 °C in a 5 % CO 2 /95 % air humidified atmosphere in a RPMI 1640 medium containing 2 mM lglutamine supplemented with 10 % (v/v) heat-inactivated FBS (fetal bovine serum), 100 IU/mL penicillin and 100 mg/mL streptomycin (Gibco).
Treatment of cells with nanoparticles
The HFFF2 cells (1 × 10 4 ) were seeded in each well containing 100 µl of the RPMI medium supplemented with 10 % FBS in a 96-well plate. After 24 h of adhesion, a serial of doubling dilution of the SP-NLC was added to four replicate wells. Cell viability was assessed by the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) reduction assay described below.
MTT reduction assay
After 1 and 2 days, 10 µl of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) (5 mg/ml stock solution) was added to each well and the plates were incubated at 37 °C for an additional 4h. The medium was discarded and the formazan blue, which formed in the cells, was dissolved using 200 µl dimethyl sulfoxide (DMSO). The absorbance was measured at 570 nm in a microplate reader (ELx800, BioTek Instruments, Inc., Winooski, VT). Cell viability data were expressed as the mean ± standard deviation (SD) of two independent experiments run in four replicates. The percentage of viability compared with the control wells (the means optical density of untreated cells was set to 100 % viability) was calculated from the concentration-response curves by linear regression analysis.
The gels were kept in 4, 25 and 40 ˚C for physical stability evaluation (viscosity, syneresis, swelling and color change) for 2 weeks [18] . The selected formulation for clinical trial was prepared freshly and controlled microbiologically according to USP 30 (United States Pharmacopoeia).
Clinical study
In selecting volunteers for the clinical study, patients received a systemic or topical anti acne therapy 3 months before or during the study, pregnant patients, patients planning to become pregnant, lactating patients, patients with skin diseases that might interfere with the diagnosis or evaluation of their hyper pigmentation were excluded from the study. Seventy-six patients with mild to moderate acne, 8 years or older, defined as a score of 1-30 on the global acne grading system (GAGS) scale [17] , who were not satisfied with their previous acne therapies participated in the double-blind clinical trial study after giving written informed consent.
Permission was obtained from the Mazandaran University of Medical Sciences
ethical committee before starting the study. At the first visit, a detailed questionnaire including data of demographic status, acne duration and medical history was completed for each patient. Thereafter, the patients were randomly assigned to one of the two treatment groups, namely group A (where SP-NLC gel was used) and group B (where SP-ALC gel was used). Both the physicians and patients were blinded to the type of treatment. Every morning and evening, patients washed their face with non-medicated soap, then thoroughly rinsed and dried it.
Over the 8-week course, each patient applied 2 tubes (each tube contained 30 g gel with the patient instructed to apply about 1 g of the gel containing 10 mg SP for SP-NLC gel (group A) or 50 mg drug of the SP-ALC (group B) during the 8 weeks) of the formulated gel and was asked to apply about 2 cm (knuckle) of the gel each morning and evening to the area and massage it for about 2 minutes. They were left on individual acne lesions for 2-3 h, after which they were washed off.
Non-medicated cosmetics were permitted during the study. The patients were asked about adherence to the protocol and to report any side effects. During the trial the patients were prohibited from using any drugs or other skin care treatments for acne.
Clinical assessments
The patients were assessed for any changes in the facial lesion counts (noninflammatory lesions: open and closed comedones; inflammatory lesions: papules, pustules, and nodules) at each clinic visit (0, 2, 4 and 8 Wk). At every session, the acne lesions were assessed based on their numbers, type and distribution. For the final assessment and to determine the efficacy of the treatment, the following two formulas were used:
Total Lesion Count (TLC) = comedones + papules+ pustules Acne Severity Index (ASI) = papules + (2 pustules) + (comedones/4).
The hydratation, sebum, elasticity, melanin and redness of the skin were measured at each visiting time using the multi skin test instrument (MC 900; Enviro derm, Gloucestershire, UK). The signs and symptoms were evaluated every 2 weeks from the baseline.
Statistical analysis
Statistical analysis was performed using SPSS for Windows (version 15; SPSS Inc., Chicago, IL, USA). Alterations in skin-related parameters were statistically examined using the Student's t-test. Differences were considered to be significant at P < 0.05.
Results
Characterization of the gels
The TEM micrographs of the SP-NLC gel (Figure 1 ) revealed that the SP-NLC particles were spherical in nature. The results obtained from the zetasizer (Table   2S in compared to the SP-ALC gel which was 0.951±0.068. The diameters for both gels are an indication of good spreadability (between 5-6.5 cm) and also pH was found to be within acceptable limits (pH 4-6). Regarding the rheology, the gels exhibited non-Newtonian independent pseudoplastic and shear thinning behaviour meaning these systems have different viscosities at different shear rates (different rpm; P>0.05). For more details on these parameters please refer to supplementary data in Table 2S . 13 
Cytotoxicity
The results of the cytotoxicity assays performed with the nanoparticles containing SP are presented in Figure 2 . The results showed that SP-NLC was not toxic to the cell strain at 24 and 48h.
Demographic characteristics
A total of seventy six patients with mild to moderate acne were recruited in the present study. Among these patients, 36 (47.37 %) were in the group treated with SP-NLC gel (group A) and 40 (52.63 %) were in the group treated with SP-ALC gel (group B). In group A, thirty three (91.66 %) were female and three (8.34 %) were male; in group B, there were thirty seven (92.5 %) female and three (7.5 %) male participants. Among the 36 patients in group A, six (16.66 %) patients were excluded from the study for reasons cited as "personal reasons". Personal reasons were cited for four patients (10 %) in group B. There were also six (15 %) patients excluded for allergy reasons in group B. Hence, 30 patients in group A and 30 patients in group B were assessed for up to 8 weeks of treatment. The minimum and maximum age in group A were 11 and 38 years, respectively; and in group B these values were 8 and 34 years, respectively. There were no significant differences between patients' age in the two groups (p = 0.232). At baseline, no significant differences were noted between groups in terms of mean total lesion score (P = 0.596). This similarity was observed between groups in the mean inflammatory lesion score (P = 0.988) and the mean non-inflammatory score (P = 0.811) as well (Table 1) .
Efficacy on Total Lesion Score (TLS)
The percentage reductions in the total lesion score are summarized in Figure 3(I) .
From the baseline to weeks 2, 4 and 8 the percentage reduction of total lesion scores in the group A compared to group B were not significant (P=0.596; P=987), however in both groups, the reduction in week 8 compared to the baseline was significantly higher (P < 0.004 and P = 0.074, respectively).
Efficacy on non-Inflammatory and inflammatory lesion scores
Decreases in non-inflammatory and inflammatory lesions over time are summarized in Figures 3(II) and 3(III) , respectively. The mean number of non-inflammatory lesion significantly reduced (P <0.01) in both groups when week 8 was compared to the baseline. In group A, the mean number of non-inflammatory and inflammatory lesions decreased from 25.65 ± 8.12 to 13.45 ± 4.49 (a reduction rate of 47.6 %) and 8.08 ± 2.80 to 5.68 ± 1.94 (reduction rate 29.7 %), respectively. In group B, these values dropped from 29.26 ± 7.99 to 13.95 ± 5.22 (a reduction rate of 52.3 %) and 8.23 ± 2.66 to 6.36 ± 2.43 (a reduction rate of 22.7 %), respectively (P>0.05). We report a representative case of a 15-year-old female patient, whose acne lesions remarkably improved after topical application of SP-NLC gel for 8 weeks ( Figure   5 ).
Efficacy on TLC and ASI
Efficacy on skin condition
The data of patients in both groups' subjects for skin conditions are listed in Table 2 .
There were no differences in skin hydration, sebum, elasticity, melanin and redness between groups A and B during the study period (P>0.05). The skin elasticity, melanin and redness of both groups remained unchanged during the study period (P>0.05). Notably, skin hydration increased in weeks 4 and 8 in group A and the increase was more significant in week 8 (P =0.002). Also skin sebum decreased significantly (P =0.013) in the same time (Wk 8) in group B. There were no serious adverse experiences that were related to the treatment. Dryness and itching were the most frequent symptoms reported in group A (2.7 %) and B (15 %).
Discussion
Characterization of the gels
A reduction in the size of nanoparticles and PI in this study maybe as a result of the higher interfacial tension between nanoparticles and the aqueous phase which leads to a more homogenized nanoparticles in the aqueous phase. The phenomenon for zeta potential can be explained by the fact that oleic acid has negatively charged carboxylic groups. NLC revealed the highest zeta potential values, possibly due to the accumulation of oleic acid at the surface of the nanoparticles [20] .
Clinical assessments
The purpose of this double-blind, randomized study was to compare the efficacy and tolerability of SP nanogel 1 % (SP-NLC) to an alcoholic SP gel 5 % (SP-ALC) formulation which had previously been reported to be beneficial in acne by Afzali et al, in the treatment of facial mild to moderate acne vulgaris [13] . In this present study we have demonstrated for the first time that daily application of the SP-NLC gel for up to 8 weeks has a therapeutic effect on mild to moderate acne vulgaris.
Compared with the baseline, non-inflammatory lesions and TLC decreased significantly in groups A and B at week 8. In contrast, inflammatory lesion score and ASI did not change after 8 weeks in both groups. The dermatologic improvement of acne vulgaris in groups A and B maybe accompanied by a significant decrease in sebum content, which is over produced in acne [21] . The efficacy of 5 % topical SP cream acts as an anti-androgen in human sebaceous glands, competing with dihydrotestosterone (DHT) receptors and producing a decrease of labelled DHT [13] . Califano et al. reported that the patient's treatment with 5 % SP cream revealed complete regression of acne in 30 % and an improvement in 65 % of the patients [22] . Recently, the efficacy of a 5 % SP gel in the treatment of facial acne was studied in a randomized placebo-controlled trial by Afzali et al. [13] . They showed that TLC and ASI in a placebo and SP groups reduced significantly and emphasized that perhaps the alcoholic content of the gel caused this phenomenon to occur in both groups. This could be the reason here as well as for group B as around 65 % of non-inflammatory lesions reduced after 8 weeks treatment. But in group A however, SP-NLC may have achieved the targeting to skin appendages, especially to the pilosebaceous units (hair follicles with their associated sebaceous glands). This is an alternative pathway for the dermal absorption of NLC, since it contributes significantly to the absorption of small molecules within the lag time after application. Walton et al. showed that when SP was applied topically in concentration of 3 and 5 % in humans there was no effect on sebum excretion. They suggested that, the lack of anti-androgen effect from topical SP cream maybe related to the vehicle which is used and has to be adequate to deliver the drugs to the target sebaceous glands [23] . Interest in pilosebaceous units is directed towards their utilization as reservoirs for localized therapy and also as a transport pathway for systemic drug delivery. Moreover, for some hair follicle related diseases such as acne, the hair follicle itself is the target site [24] . Some researchers hypothesize that lipid coating or lipophilic material properties may favour higher uptake into hair follicles, because the hair follicles are filled with sebum and provide relatively lipophilic environment [25] . Follicular deliveries play a key role in-vivo for the penetration of substances topically applied since the pilosebaceous unit is more permeable than corneocytes. Moreover, it has been demonstrated in reports that, colloidal particles larger than 10 μm can remain on the skin surface, those in the range of 3-10 μm accumulate in the follicle, when smaller than 3 μm, they can penetrate into follicles [26] . Furthermore, in this study the particle size of SP-NLC was 239 nm while SP-ALC was around 8 μm meaning SP-NLC may penetrate into the follicles whilst the SP-ALC may remain on the skin surface and that the alcoholic effect is what is paramount in the reduction of lesions. The lipid structures of NLC in contrast to an alcoholic formulation may affect the interaction with skin. Lipid-based carriers could attach themselves onto the skin surface, making close contact with superficial junction of corneocyte clusters and channels between corneocyte islands. Finally it makes drug permeation easier, since the lipid cover could reduce corneocyte packing and widen the inter corneocytes gaps [27] . NLC's have occlusive properties, i.e. they can be used in order to increase the water content of the skin [28] . Occlusive compounds affect the skin hydration and penetration of compounds into the skin. The increase in skin moisture results in group A may be attributed to the retention of water content of the skin. Nanoparticles have been found to be 15-folds more occlusive than microparticles [27] . Wissing 
Conclusion
The results of this randomized, double-blind trial demonstrated that the therapy of SP-NLC and SP-ALC were well tolerated and resulted in significantly greater improvement in mild to moderate acne vulgaris after 8 weeks treatment in comparison to the baseline. This therapy effectively treated non-inflammatory lesions, and showed high skin hydratation in the SP-NLC group (group A).
However, the role of SP-NLC gel developed in the present investigation still requires clinical evaluation in a larger number of human subjects at different locations. 
